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(57) ABSTRACT 

A projection type image display device comprising: a proj ec 
tion optical system having a ?rst refracting optical section 
having a plurality of lenses, a re?ecting optical section having 
at least one concave re?ecting surfacer and a second refract 
ing optical section in order from a reduction side; and an 
image forming optical section disposed on an anterior stage 
of a light path as the reduction side of the projection optical 
system, Wherein the second refracting optical section has an 
exit lens having either: 
(1) a roughly constant thickness and disposed in a posterior 

stage of the light path from an exit pupil position at Which 
a principal ray re?ected by the re?ecting surface and pro 
ceeding toWards the maximum ?eld angle and the optical 
axis of the re?ecting optical section intersect With each 
other, and an optical surface of a magni?cation side of the 
exit lens has a shape convex toWards the magni?cation 
side; 

or (2) a roughly constant thickness and disposed between the 
re?ecting optical section and an exit pupil position at Which 
a principal ray re?ected by the re?ecting surface and pro 
ceeding toWards the maximum ?eld angle and the optical 
axis of the re?ecting optical section intersect With each 
other, and an optical surface of a magni?cation side of the 
exit lens has a shape concave toWards the magni?cation 
side. 
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PROJECTION TYPE IMAGE DISPLAY 
DEVICE 

BACKGROUND 

[0001] 1. Technical Field 
[0002] The present invention relates to a projection type 
image display device incorporating a projection optical sys 
tem adapted to project an image formed by a liquid crystal 
panel or the like on a screen. 

[0003] 2. RelatedArt 
[0004] As a projection optical system adapted to project an 
image of a projection device disposed in the vicinity of a 
screen on the screen, there can be cited What has a refracting 
optical system including a plurality of lenses disposed on a 
reduction side and a concave re?ecting mirror disposed on an 
magni?cation side and for folding a light path, and performs 
enlarged close-range projection on the screen (e.g., JP-A 
2004-258620, JP-A-2006-235516). 
[0005] HoWever, such a projection optical system as 
described above has an extremely short focal length because 
of its super Wide vieW angle, and in particular, has a small 
light beam diameter in the vicinity of the optical axis. In 
contrast, the light beam toWards the periphery of picture plane 
becomes extremely Wide in order for provide an enough 
amount of peripheral light. Further, in the case in Which a 
cover plate With parallel planes for protecting the concave 
re?ecting mirror is disposed in the vicinity of the concave 
re?ecting mirror, the angle of the light beam entering the 
peripheral section of the cover plate becomes very super?cial 
due to the Wide angle projection, thus considerable deterio 
ration in the image quality and a considerable amount of 
re?ection on the surface of the cover plate are caused. Further, 
in the projection optical system using this kind of concave 
mirror, since the light paths are collected near the focal posi 
tion or the exit pupil position of the concave mirror, it is 
preferable to dispose the cover plate at a position slightly 
distant from the light-collected section from the vieWpoint of 
safety and so on. HoWever, in such a case, since the siZe of the 
cover plate is apt to increase as the parallel plane cover 
becomes distant from the light-collected position, and there is 
caused a problem regarding the strength of the cover plate, 
supporting method there of, and so on. 

SUMMARY 

[0006] Therefore, the invention has an advantage of provid 
ing a projection type image display device, Which can be 
correspond to the needs for achieving further Wide-angle, 
provided With a small-siZed cover capable of preventing dete 
rioration in the image quality and re?ection on the surface. 
[0007] A projection type image display device according to 
a ?rst aspect of at least one embodiment of the invention is (a) 
a projection optical system having a ?rst refracting optical 
section having a plurality of lenses, a re?ecting optical sec 
tion having at least one concave re?ecting surface, and a 
second refracting optical section in order from a reduction 
side, and (b) an image forming optical section disposed on an 
anterior stage of a light path as the reduction side of the 
projection optical system, (al) the second refracting optical 
section has an exit lens having a roughly constant thickness 
and disposed in a posterior stage of the light path from a point 
(in this intersection point, the projection light relatively con 
verges, and therefore this intersection point is referred to as an 
exit pupil position for the sake of convenience) at Which a 
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principal ray re?ected by the re?ecting surface and proceed 
ing toWards the maximum ?eld angle and the optical axis of 
the re?ecting optical section intersect With each other, and 
(a2) an optical surface of an magni?cation side of the exit lens 
has a shape convex toWards the magni?cation side. It should 
be noted that the posterior stage of the light path denotes that 
the lens is disposed on the light exit side (i.e., on the magni 
?cation side) relatively doWnstream therefrom in the pro 
ceeding direction of the projection light. Therefore, in the 
case in Which the surface projection type screen, for example, 
is disposed at the posterior stage of the light path from the 
projection optical system, the exit lens is disposed betWeen 
the exit pupil position and the screen. 
[0008] In ?rst aspect of at least one embodiment of the 
invention, since the thickness of the exit lens is roughly con 
stant and the optical surface on the magni?cation side of the 
exit lens has a surface convex toWards the magni?cation side 
in the second refracting optical section, it is possible to make 
the second refraction optical section to function as a protec 
tive cover for uniformly covering the projection optical sys 
tem even in the case in Which the projection is performed With 
a Wide ?eld angle. On this occasion, since the exit lens has the 
concave shape With respect to the exit pupil position, the siZe 
as the protective cover can be relatively small, and moreover, 
the in?uence to the image quality can be reduced While sup 
pressing the re?ection in the peripheral area. 
[0009] A second aspect of at least one embodiment of the 
invention is (a) a projection optical system having a ?rst 
refracting optical section having a plurality of lenses, a 
re?ecting optical section having at least one concave re?ect 
ing surface, and a second refracting optical section in order 
from a reduction side, and (b) an image forming optical 
section disposed on an anterior stage of a light path as the 
reduction side of the projection optical system, (al) the sec 
ond refracting optical section has an exit lens having a 
roughly constant thickness and disposed betWeen the re?ect 
ing optical section and an exit pupil position at Which a 
principal ray re?ected by the re?ecting surface and proceed 
ing toWards the maximum ?eld angle and the optical axis of 
the re?ecting optical section intersect With each other, and 
(a2) an optical surface of an magni?cation side of the exit lens 
has a shape concave toWards the magni?cation side. 
[0010] In second aspect of at least one embodiment of the 
invention, since the thickness of the exit lens is roughly con 
stant and the optical surface on the magni?cation side of the 
exit lens has a surface concave toWards the magni?cation side 
in the second refracting optical section, it is possible to make 
the second refraction optical section to function as a protec 
tive cover for uniformly covering the projection optical sys 
tem even in the case in Which the projection is performed With 
a Wide ?eld angle. On this occasion, since the exit lens has 
also the concave shape With respect to the exit pupil position, 
the siZe as the protective cover can be relatively small, and 
moreover, the in?uence to the image quality can be reduced 
While suppressing the re?ection in the peripheral area. 
[0011] In a speci?c aspect of at least one embodiment of the 
invention, the second refracting optical section is formed of 
one exit lens as a meniscus lens having a convex surface 
facing the magni?cation side or a concave surface facing the 
magni?cation side. In this case, the second refracting optical 
section can be realiZed With a simple con?guration. 

[0012] According to another aspect of at least one embodi 
ment of the invention, the meniscus lens has a pair of spheri 
cal optical surfaces, and an optical axis identical to the optical 
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axis of the re?ecting optical section. In this case, the second 
refracting optical section can be con?gured With the meniscus 
lens Which can easily be manufactured. 
[0013] According to still another aspect of at least one 
embodiment of the invention, the meniscus lens has a domed 
shape With a concentric sphere shape having a center of 
curvature of the lens surface in the vicinity of the exit pupil 
position. Since the projection light re?ected by the re?ecting 
optical section has a high tendency to pass through the exit 
pupil position or the vicinity thereof, by disposing the center 
of curvature of the meniscus lens in the vicinity of the exit 
pupil position, the incident angle to the lens can be set to be 
roughly perpendicular thereto. Further, by adopting the con 
centric sphere shape, it becomes possible to reduce the effect 
of the entrance section as a lens, thus the siZe of the meniscus 
lens, namely the second refracting optical section can be 
reduced While reducing the in?uence of the meniscus lens to 
the image formation. 
[0014] According to still another aspect of at least one 
embodiment of the invention, the meniscus lens has an optical 
decentering axis With respect to the optical axis of the re?ect 
ing optical section. In the re?ecting optical system using the 
curved mirror of this kind, since the light on the optical axis 
returned to the ?rst optical system after re?ected by the 
curved mirror, the vicinity of the optical axis is not used on the 
screen. In other Words, since it is suf?cient to ensure only the 
off-axis image quality, it is possible to effectively achieve a 
kind of correction effect With respect to the off-axis imagery 
by using decentering and so on. 
[0015] According to still another aspect of at least one 
embodiment of the invention, at least one of the pair of optical 
surfaces of the meniscus lens is formed of an aspheric surface. 
In this case, it is possible to achieve the correction effect on 
the imaging condition on the screen using the meniscus lens. 
[0016] According to still another aspect of at least one 
embodiment of the invention, the meniscus lens is made of a 
resin material. In this case, manufacturing of the meniscus 
lens becomes easy, thus it becomes easy to curve the meniscus 
lens deeply, and it also becomes easy to form the aspheric 
shape. 
[0017] According to still another aspect of at least one 
embodiment of the invention, an optical axis common to at 
least a part of the magni?cation side of the ?rst refracting 
optical section and the optical axis of the re?ecting optical 
section extends perpendicular to a screen for projection. In 
this case, What has contribution to imagery as the re?ecting 
optical section becomes basically the optical surface located 
on the opposite side of the screen across the optical axis, and 
such an optical surface, namely the re?ecting optical section 
can be protected by the second refracting optical section 
disposed on the screen side. 
[0018] According to still another aspect of at least one 
embodiment of the invention, assuming that a curvature 
radius of the re?ecting surface of the ?rst refracting optical 
section is Ra, a curvature radius of the convex surface side of 
the exit lens of the second refracting optical section is R1, a 
curvature radius of the concave surface side thereof is R2 and 
the distance betWeen the exit pupil position and the position at 
Which the principal ray intersects With the concave surface 
side of the exit lens is S, at least one of the folloWing condi 
tions (1) through (3) is satis?ed. 
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It should be noted that in the case in Which the optical surface 
of the exit lens on the magni?cation side has a convex shape 
toWards the magni?cation side, the entrance surface of the 
exit lens becomes a concave surface With a curvature radius of 
R2 and the exit surface becomes a convex surface With a 

curvature radius of R1 . On the other hand, in the case in Which 
the optical surface of the exit lens on the magni?cation side 
has a concave shape toWards the magni?cation side, the 
entrance surface of the exit lens becomes a convex surface 
With a curvature radius of R1, and the exit surface becomes a 
concave surface With a curvature radius of R2. 

[0019] The conditional expression (1) described above 
determines the condition of the curvature radius of the exit 
lens. If the shape of the exit lens comes closer to a plane 
beyond the upper limit of the conditional expression (1), the 
effective area of the exit lens becomes large in order for 
including the light beam diffused from the re?ecting surface 
With a Wide angle, and the incident angle of the light beam 
entering the exit lens becomes large in the peripheral area of 
the picture place to problematically increase the re?ectance. 
If the curvature radius of the exit lens becomes too small 
beyond the loWer limit of the conditional expression (1 ), large 
aberration generates in the exit lens, Which causes deteriora 
tion in performance. 
[0020] The conditional expression (2) described above 
determines the condition related to the poWer of the exit lens. 
It is preferable that the exit lens has the entrance surface and 
the exit surface With the curvature radius close to each other to 
have Weak poWer Within the range determined by the condi 
tional expression (2) Speci?cally, if the exit lens becomes to 
have positive poWer beyond the upper limit of the conditional 
expression (2), an effect of narroWing the ?eld angle appears 
to problematically increase the load of the re?ecting surface. 
In contrast, if the negative poWer of the exit lens becomes too 
strong beyond the loWer limit of the conditional expression 
(2), although preferable from the vieWpoint of Widening the 
angle, it causes to degrade the distortion aberration and the 
?eld curvature preferably corrected in the ?rst refracting opti 
cal section. Further, if the positive or negative poWer of the 
exit lens becomes too strong, the performance is problemati 
cally deteriorated by the positional accuracy When installing 
the devices. 

[0021] The conditional expression (3) described above 
determines the conditions related to the position and the 
shape of the exit lens. Speci?cally, by appropriately setting 
the curvature radius of the concave surface of the exit lens and 
the focusing position of the re?ecting surface With respect to 
the light beam diffused With a very Wide angular range from 
the re?ecting surface, it becomes possible to suppress the 
deterioration in performance to the minimum, and to narroW 
the range of the incident angle of the light beams to the exit 
lens, and thus, it becomes possible to prevent the partial light 
intensity drop. Speci?cally, if the curvature radius of the 
concave surface of the exit lens becomes too small compared 
to the distance from the focusing position of the re?ecting 
surface to the exit lens beyond the upper limit of the condi 
tional expression (3), a large aberration is problematically 
generated. In contrast, if the curvature radius of the concave 
surface of the exit lens becomes too large compared to the 
distance from the focusing position of the re?ecting surface to 
the exit lens beyond the loWer limit of the conditional expres 
sion (3), the incident angle to the exit lens becomes large in 
the peripheral area of the screen to increase the re?ectance. 
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[0022] According to still another aspect of at least one 
embodiment of the invention, a projection type image display 
device comprising: 
[0023] a projection optical system having a ?rst refracting 
optical section having a plurality of lenses, a re?ecting optical 
section having at least one concave re?ecting surface, and a 
second refracting optical section in order from a reduction 
side; and 
[0024] an image forming optical section disposed on an 
anterior stage of a light path as the reduction side of the 
projection optical system, 
[0025] Wherein the second refracting optical section has an 
exit lens having either: 
[0026] (1) a roughly constant thickness and disposed in a 

posterior stage of the light path from an exit pupil position 
at Which a principal ray re?ected by the re?ecting surface 
and proceeding toWards the maximum ?eld angle and the 
optical axis of the re?ecting optical section intersect With 
each other, and an optical surface of a magni?cation side of 
the exit lens has a shape convex toWards the magni?cation 
side; 

[0027] or 
[0028] (2) a roughly constant thickness and disposed 
betWeen the re?ecting optical section and an exit pupil 
position at Which a principal ray re?ected by the re?ecting 
surface and proceeding toWards the maximum ?eld angle 
and the optical axis of the re?ecting optical section inter 
sect With each other, and an optical surface of a magni? 
cation side of the exit lens has a shape concave towards the 
magni?cation side. Either (I) or (2) is selective. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The invention Will noW be described With reference 
to the accompanying ?gures, Wherein like numbers reference 
like elements. 
[0030] FIG. 1 is a conceptual diagram for explaining a 
substantial part of a projection type image display device 
according to a ?rst embodiment. 
[0031] FIG. 2 is a perspective vieW for explaining an 
appearance of the projection type image display device 
shoWn in FIG. 1. 
[0032] FIG. 3 is a diagram for explaining a con?guration of 
a projection optical system of the projection type image dis 
play device. 
[0033] FIG. 4 is an enlarged vieW for explaining a substan 
tial part of the projection optical system shoWn in FIG. 3. 
[0034] FIG. 5 is a conceptual diagram for explaining an 
image forming optical section. 
[0035] FIG. 6 is a cross-sectional vieW for explaining an 
arrangement of the projection optical system and so on in a 
case. 

[0036] FIG. 7 is a conceptual diagram for explaining a 
substantial part of a projection type image display device 
according to a second embodiment. 
[0037] FIG. 8 is a diagram for explaining a con?guration of 
a projection optical system of the projection type image dis 
play device shoWn in FIG. 7. 
[0038] FIG. 9 is an enlarged vieW for explaining a substan 
tial part of the projection optical system shoWn in FIG. 8. 
[0039] FIG. 10 is a conceptual diagram for explaining a 
substantial part of a projection type image display device 
according to a third embodiment. 
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[0040] FIG. 11 is a diagram for explaining a con?guration 
of a projection optical system of the projection type image 
display device shoWn in FIG. 10. 
[0041] FIG. 12 is an enlarged vieW for explaining a sub 
stantial part of the projection optical system shoWn in FIG. 
11. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

First Embodiment 

[0042] FIG. 1 is a side vieW shoWing a substantial part of an 
optical system forming a projection type image display 
device according to the ?rst embodiment of the invention. 
FIG. 2 is a perspective vieW for explaining an appearance of 
the projection type image display device. 
[0043] The projection type image display device 100 
according to the present embodiment has a screen 10, a pro 
jection optical system 50, and an image forming optical sec 
tion 60. Here, the screen 10 is disposed in a posterior stage of 
the light path, i.e., a magni?cation side of the projection 
optical system 50, and the image forming optical section 60 is 
disposed in an anterior stage of the light path, i.e., a reduction 
side of the projection optical system 50. It should be noted 
that in FIG. 1, only a cross dichroic prism 67 is shoWn as a part 
of the image forming optical section 60, and details of the 
other part thereof are omitted. Further, illustration of the 
projection optical system 50 and the image forming optical 
section 60 is omitted from FIG. 2 as the condition of being 
housed in a case 10011 as a closed container. 

[0044] The screen 10 is a re?ective projection board, and 
displays an image by diffuse re?ection of the projection light 
entering the screen projection surface 1011 on the front side 
thereof. The screen 10 is formed, for example, of a White 
plastic plate. Further, the screen 10 can also be obtained by 
coating the surface of the substrate With a coating material 
including beads or pearls or embedded microlenses or micro 
mirrors on the surface of the substrate. 
[0045] The projection optical system 50 is for enlargedly 
projecting an image on the object surface OS on the screen 
projection surface 10a of the screen 10, and the projection 
optical system 50 comprises a ?rst refracting optical section 
20, a re?ecting optical section 30, and a second refracting 
optical section 40 in order from the reduction side. Here, the 
?rst refracting optical section 20 is formed of a plurality of 
lenses, the re?ecting optical section 30 has at least one re?ect 
ing surface With a concave shape, and the second refracting 
optical section 40 is formed of one exit lens (speci?cally, one 
meniscus lens With a dome shape). 
[0046] FIG. 3 is a diagram for explaining a con?guration of 
a projection optical system 50 of the projection type image 
display device 100. The ?rst refracting optical section 20 is 
composed of a plurality of refracting lenses disposed along 
the optical axis OA extending perpendicular to the screen 
projection surface 10a in an area located beloW the screen 10. 

[0047] Hereinafter, a speci?c lens structure of the ?rst 
refracting optical section 20 Will be explained. 
[0048] The ?rst refracting optical section 20 shoWn in 
FIGS. 3 and so on has a ?rst lens L1, a second lens L2, a third 
lens L3, a fourth lens L4, a ?fth lens L5, a sixth lens L5, a 
seventh lens L7, an eighth lens L8, a ninth lens L9, and an 
aperture 45. 
[0049] The lenses L1 through L9 are arranged in order from 
the ?rst lens L1 to the ninth lens L9 from the object surface OS 
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side, i.e., the reduction side, towards the re?ecting optical 
section 30, i.e., the magni?cation side. Here, the aperture 45 
is disposed betWeen the fourth lens L4 and the ?fth lens L5. 
[0050] The ?rst lens L1 and the eighth lens L8 are aspheric 
lenses. Further, the second lens L2 is a biconvex lens, the third 
lens L3 is a convex and concave triple-cemented lens, and the 
fourth lens L4 is a concave-convex double-cemented lens. 
Further, the ?fth lens L5 and the seventh lens L7 are biconvex 
lenses. Further, the sixth lens L6 and the ninth lens L9 are 
meniscus lenses. It should be noted that the arrangement of 
each of the lenses L1 through L9 is adjusted so that the 
optimum projection on the screen 10 shoWn in FIG. 1 can be 
achieved in relation to the shape and the arrangement of the 
re?ecting optical section 30. 
[0051] The ?rst refracting optical section 20 is con?gured 
to be substantially telecentric on the reduction side, i.e., the 
object surface OS side. Further, betWeen the ?rst lens L1 as 
the anterior end of the ?rst refracting optical section 20 and 
the object surface OS Which is provided With a liquid crystal 
panel, there is disposed the cross dichroic prism 67 for com 
bining the images of three colors. It should be noted that the 
object surfaces on Which the other tWo liquid crystal panels 
are to be disposed, although they are not shoWn in the ?gure, 
have an equivalent, namely conjugated arrangement With 
respect to the object surface OS shoWn in the ?gure. In FIG. 
1 and so on, a light beam diffused Within a certain angular 
range centered on the principal ray perpendicular to the object 
surface OS and parallel to the optical axis OA is emitted from 
each of the object surfaces, and the light beam proceeds to the 
right in the ?gure, and then passes through the ?rst refracting 
optical section 20. Then, the light beam is re?ected by the 
re?ecting optical section 30 disposed loWer than the optical 
axis OA, and then enters the second refracting optical section 
40 disposed above the optical axis OA (see FIG. 1). 
[0052] The re?ecting optical section 30 is formed of a 
curved mirror 31. The curved mirror 31 is a concave re?ecting 
mirror formed of a rotational symmetry plane having the 
optical axis OA as the axis thereof. The curved mirror 31 has 
a aspheric re?ecting optical surface 3111 (a part illustrated 
With the solid line shoWn in FIG. 3) disposed loWer than the 
optical axis OA, i.e., on the side across the optical axis from 
the screen 10, and re?ects the projection light, Which is emit 
ted forWard from the ?rst refracting optical section 20, 
toWards the screen projection surface 1011. Here, a part illus 
trated With the dashed line shoWn in FIG. 3, i.e., the part above 
the optical axis OA shoWs an immaterial curved surface 31f as 
a virtual extended surface of the curved mirror 31. 

[0053] The second refracting optical section 40 is formed, 
for example, of a meniscus lens 41 made of plastic. The 
meniscus lens 41 is a lens having a concentric sphere shape 
formed of a pair of spherical surfaces having, for example, the 
optical axis OA as the axis thereof, and disposed at the pos 
terior stage of the light path from the exit pupil position EP. It 
should be noted that the exit pupil position EP denotes the 
position Where the principal ray re?ected by the re?ecting 
optical section 30 and proceeding toWards the maximum ?eld 
angle intersects With the optical axis OA of, for example, the 
re?ecting optical section 30. The posterior stage of the light 
path denotes that the lens is disposed on the light exit side 
(i.e., on the magni?cation side) relatively doWnstream there 
from in the proceeding direction of the projection light. 
Therefore, in the case in Which the surface projection type 
screen 10, for example, is disposed at the posterior stage of 
the light path from the projection optical system 30, the 
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meniscus lens 41 is automatically disposed betWeen the exit 
pupil position EP and the screen 10. The meniscus lens 41 has 
a roughly constant thickness over the length and breadth 
thereof. The meniscus lens 41 has a refracting optical surfaces 
41a, 41b (the part illustrated With the solid line shoWn in FIG. 
3) above the optical axis OA, and transmits the projection 
light folded by the curved mirror 3 1 obliquely upWard thereon 
toWards the screen projection surface 1011. Here, a part illus 
trated With the double-dashed line shoWn in FIG. 3, namely 
the part under the optical axis OA shoWs an immaterial part 
41f as a virtual extended part of the meniscus lens 41. The 
meniscus lens 41 is disposed so as to be opposed to the 
re?ecting optical surface 31a of the curved mirror 31. Thus, 
the meniscus lens 41 can be made to function as a protective 
cover for the re?ecting optical surface 3 1a, and consequently, 
for the projection optical system 50. Further, the meniscus 
lens 41 has a domed outer shape convex toWards the posterior 
stage side of the light path, namely the magni?cation side. 
Thus, the meniscus lens 41 can have a smaller siZe With 
relative ease compared to the ?at cover plate, the strength 
thereof as the protective cover is easily assured, and the sup 
port therefore also becomes simple and secure. Further, since 
the meniscus lens 41 is disposed roughly along the spherical 
surface centered on the exit pupil position EP and has a 
roughly constant thickness, there are feW light beams entering 
With a super?cial angle, and an amount of refraction to the 
incident light can be reduced, thus the in?uence to the imag 
ery on the screen 10 can be reduced. It should be noted that 
although it is assumed that the both refracting optical surfaces 
41a, 41b forming the meniscus lens 41 are the spherical 
surfaces in the above explanations, the both refracting optical 
surfaces 41a, 41b can also be aspheric surfaces for correcting 
the aberration providing the extent of the aspheric surface is 
Within the range in Which the variation in the thickness 
thereof does not become extremely large. 
[0054] FIG. 4 is an enlarged vieW for explaining a substan 
tial part of the projection optical system 50 of the ?rst 
embodiment. Here, the meaning of parameter is as folloWs: 
[0055] a curvature radius of the curved mirror 31 as a 

re?ecting surface forming the ?rst refracting optical sec 
tion 20 is Ra, 

[0056] a curvature radius of the entrance optical surface 
41a of the meniscus lens 41 as the exit lens forming the 
second refracting optical section 40 is R2, 

[0057] a curvature radius of the exit optical surface 41b 
thereof is R1, 

[0058] and a distance betWeen a position (i.e., the exit pupil 
position EP) Where the principal ray re?ected by the curved 
mirror 31 and proceeding toWards the maximum ?eld angle 
intersects With the optical axis OA of the re?ecting optical 
section 30 and so on and a position Where the principal ray 
intersects With the entrance optical surface 4111 as the con 
cave surface side in the meniscus lens 41 is S. 

[0059] In this case, the projection optical system 50 satis 
?es each of the folloWing conditions. 

0.2<1R1/Ra1<2.0 (1) 

0.7<R2/R1<1.1 (2) 

0.3<S/R2<1.5 (3) 

[0060] In the present projection optical system 50, since it 
is arranged not to exceed the upper limit of the conditional 
expression (1) to prevent the shape of the meniscus lens 41 
from becoming closer to a plane, it can be prevented that the 
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effective area of the meniscus lens 41 becomes too large in 
order for including the light beam diffused from the re?ecting 
optical surface 3111 With a Wide angle, and at the same time, it 
can also be prevented that the incident angle of the light beam 
entering the meniscus lens 41 becomes large in the peripheral 
area of the picture plane to increase the re?ectance. On the 
other hand, in the present projection optical system 50, since 
it is arranged not to exceed the loWer limit of the conditional 
expression (1) to prevent the curvature radius of the meniscus 
lens 41 from becoming too small, it can be prevented that the 
large aberration is generated in the meniscus lens 41 to cause 
deterioration in performance. 
[0061] Further, in the present projection optical system 50, 
since it is arranged that the meniscus lens 41 does not have the 
positive poWer beyond the upper limit of the conditional 
expression (2), it can be prevented that the effect of narroWing 
the ?eld angle appears to increase the load of the re?ecting 
optical surface 31a. On the other hand, in the present proj ec 
tion optical system 50, since it is arranged that the negative 
poWer of the meniscus lens 41 does not become too strong 
beyond the loWer limit of the conditional expression (2), it is 
possible to prevent that the distortion aberration and the ?eld 
curvature preferably corrected in the ?rst refracting optical 
section 20 are deteriorated. Further, since it is prevented that 
the positive or negative poWer of the meniscus lens 41 
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becomes too strong, it can be prevented that the positional 
accuracy of the arrangement causes deterioration in perfor 
mance and so on. 

[0062] In the present projection optical system 50, since it 
is arranged not to exceed the upper limit of the conditional 
expression (3) to prevent that the curvature radius of the 
refracting optical surface 41a of the meniscus 41 becomes too 
small in comparison With the distance from the focusing 
position of the re?ecting optical surface 31a to the meniscus 
lens 41, generation of the aberration can be prevented from 
becoming large. On the other hand, in the present projection 
optical system 50, since it is arranged not to exceed the loWer 
limit of the conditional expression (3) to prevent that the 
curvature radius of the refracting optical surface 41a of the 
meniscus 41 becomes too large in comparison With the dis 
tance from the focusing position of the re?ecting optical 
surface 31a to the meniscus lens 41, it can be prevented that 
the incident angle to the meniscus lens 41 becomes large 
(steep) in the peripheral area of the screen to increase the 
re?ectance. 
[0063] Table 1 shoWs lens data of a speci?c example of the 
projection optical system 50 described above and mainly 
composed of the ?rst refracting optical section 20, the re?ect 
ing optical section 30, and the second refracting optical sec 
tion 40. 

TABLE 1 

LENS DATA 

SURFACE 
NUMBER R D Nd Nv 

OBJECT INFINITE 5.00 
SURFACE 

1 INFINITE 27.50 1.51680 64.2 PRISM 

2 INFINITE 3.00 
3 ASPHERIC 78.767 4.00 1.52473 56.7 

SURFACE 

4 ASPHERIC —120.000 0.10 
SURFACE 

5 137.990 9.50 1.49700 81.6 

6 —40.628 0.10 
7 57.396 8.00 1.48749 70.4 
8 —36.316 2.00 1.81194 24.0 

9 21.287 6.50 1.76359 50.0 
10 80.365 26.69 
11 —175.488 5.00 1.79588 25.9 

12 —30.000 2.00 1.54915 45.5 
13 —51.122 1.55 

APERTURE INFINITE 67.56 

15 730.574 4.50 1.68845 50.2 
16 —118.877 10.22 
17 —38.904 3.00 1.85000 23.0 

18 —102.113 0.27 
19 98.256 7.00 1.61230 35.4 
20 —273.663 76.70 

21 ASPHERIC 90.705 4.00 1.52473 56.7 
SURFACE 

22 ASPHERIC 45.100 6.64 

SURFACE 

23 90.833 5.00 1.81180 25.3 

24 51.694 199.16 

25 ASPHERIC —59.882 —100.00 REFLECTING CURVED 

SURFACE SURFACE MIRROR 

26 70.000 —5.00 1.52473 56.7 

27 75.000 —250.00 

SCREEN INFINITE 0.00 
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TABLE l-continued 

ASPHERIC SURFACE 
COEFFICIENT 

SURFACE 
NUMBER K A04 A06 A08 A10 A12 

3 0.0000E+00 —1.2349E—05 1.5332E-09 0.0000E+00 0.0000E+00 0.0000E+00 
4 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

21 0.0000E+00 1.1280E-06 2.5645E-10 —2.6807E—13 —2.6650E—16 0.0000E+00 
22 0.0000E+00 -6.6621E-06 2.9220E-09 —1.8263E—12 0.0000E+00 0.0000E+00 
25 —1.9765E+00 -1.9217E-07 3.7303E-12 7.9640E-17 —2.0731E—20 0.0000E+00 

[0064] In the upper part ofthe Table 1, “SURFACE \] l ]M 
BER” denotes the number assigned to each of the surfaces of TABLE 2-continued 

the lenses in order from the object surface OS side. Further, VALUE APPLIED IN 
R represents the curvature radius, and D represents a lens PARAMETER SPECIFIC EXAMPLE 

thickness or an air gap W1th the subsequent surface. Further, 
“Nd” represents the refractive index in the d-line of the lens Sign 8-2;; 
material, and “Nv” represents the Abbe constant in the d-line ' 
of the lens material. 

[0065] In the present embodiment, the lenses L1 through [0067] FIG 515 aconceptual diagram Oftheimage forming 
L9 are basically formed as spherical surface, further, the 
entrance and exit surfaces (the surfaces 3 and 4 in the Table l) 
of the ?rst lens L1 and the entrance and exit surfaces (the 
surfaces 21 and 22 in the Table l) of the eighth lens L8 are 
formed as aspheric surfaces. Further, the re?ecting optical 
surface 3111 (the surface 25 in the Table l) of the curved mirror 
31 is formed as aspheric surface. The displacement x from the 
surface peak in the optical axis direction in these aspheric 
shapes can be represented by the folloWing formula assuming 
that c represents the inverse of a paraxial curvature radius, h 
represents a height from the optical axis, k represents a conic 
coe?icient, A04 throughA12 represent higher order aspheric 
surface coe?icients. In the case With the present embodiment, 
the respective coef?cients “k” and “A04” through “A12” in 
the aspheric formula described above are as shoWn in the 
loWer part of the Table l. 

[0066] Table 2 shoWs a result obtained by applying the 
speci?c example shoWn in the Table 1 to the conditional 
expressions (1) through (3). As is clear from the Table 2 
described beloW, the speci?c example shoWn in Table 1 sat 
is?es all of the conditional expressions (1) through (3) 
described above. 

TABLE 2 

VALUE APPLIED IN 
PARAMETER SPECIFIC EXAMPLE 

CURvED MIRROR Ra -59.ss2 
CURvED CovER CoNvEx SURFACE R1 75.000 
(MENISCUS) CoNCAvE SURFACE R2 70.000 

MAXIMUM FIELD ANGLE 79.086 
DISTANCE S 47.460 
(1) lRl/Ral 1.252 

optical section 60. The image forming optical section 60 has 
a light source device 61 for emitting homogenized light 
source light along the system optical axis SA, an illumination 
separation system 63 for separating the illumination light 
emitted from the light source device 61 into three colors of 
red, green, and blue, a light modulation section 65 illuminated 
by the illumination light of each color emitted from the illu 
mination separation system 63, and a cross dichroic prism 67 
for recombining the modulated light beams of respective 
colors transmitted through the light modulation section 65. 
The image light emitted via the cross dichroic prism 67 is 
projected via the ?rst refracting optical section 20 and so on of 
the projection optical system 50. 
[0068] Here, the light source device 61 has a light source 
unit 6111 for emitting the source light and a homogenizing 
optical system 610 for converting the source light emitted 
from the light source unit 6111 into the illumination light, 
Which is homogenized and a predetermined polarization 
direction. The light source unit 6111 has a light source lamp 
61m and a re?ector 6171. Further, the homogenizing optical 
system 610 has a ?rst lens array 61d for dividing the source 
light into partial light beams, a second lens array 61e for 
adjusting the diffusion of the partial light beams thus divided, 
a polarization conversion device 61g for aligning the polar 
ization directions of the respective partial light beams, and a 
overlapping lens 611' for making the respective partial light 
beams enter a target illumination area in an overlapping man 
ner. 

[0069] The illumination separation system 63 has ?rst and 
second dichroic mirrors 63a, 63b, and mirrors 63m, 6371, and 
630 for folding the light path. The illumination separation 
system 63 branches the system light axis SA into three light 
paths 0P1 through 0P3, thereby separating the illumination 
light into three light beams of a blue light beam LB, a green 
light beam LG, and a red light beam LR. It should be noted 
that the relay lenses LL1, LL2 transmits an image formed 
right before the ?rst relay lens LL1 on the entrance side 
substantially directly to the ?eld lens 63h on the exit side, 
thereby preventing ef?ciency decrease of the light beam 
caused, for example, by diffusion of the light beam. 
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[0070] The light modulation section 65 has three liquid 
crystal light valves 65a, 65b, and 650 the three colors of the 
illumination light beams LB, LG, and LR input, respectively, 
and performs intensity modulation of each of the pixels on the 
respective colored light beams LB, LG, and LR entering the 
liquid crystal light valves 65a, 65b, and 650 via the ?eld 
lenses 63]; 63 g, and 63h, respectively, in accordance With the 
drive signal. It should be noted that each of the liquid crystal 
light valves 65a, 65b, and 650 is an image forming element 
having a structure of sandWiching a liquid crystal panel 
betWeen a pair of polariZation plates. Further, the liquid crys 
tal panel forming each of the liquid crystal light valves 65a, 
65b, and 650 are arranged to correspond to the object surface 
OS shoWn in FIGS. 1 and so on. 

[0071] The cross dichroic prism 67 has dichroic ?lms 67a, 
67b intersecting With each other, and emits the image light 
obtained by combining the modulated light beams from the 
respective light valves 65a, 65b, and 650. The image light thus 
re-combined by the cross dichroic prism 67 is projected on the 
screen 10 not shoWn in FIG. 5 as a color image With an 
appropriate magni?cation by the projection optical system 50 
as the projection lens. 

[0072] Going back to FIG. 2, an installation example of the 
projection type image display device 100 described above 
Will be explained. The optical system of the projection type 
image display device 100 is housed in the case 100a, and is 
?xed on a rack 111 together With the screen 10. The projection 
section 10019 is disposed beloW the screen 10 on the rack 111, 
the main section 1000 is disposed on the rear side of the loWer 
part of the screen 10, and the projection light RL is projected 
on the screen projection surface 1011 from beloW and close to 
the screen 10. Here, the projection section 100!) houses the 
projection optical system 50 shoWn in FIGS. 3 and so on, and 
the main section 1000 houses the image forming optical sec 
tion 60 and so on. 

[0073] FIG. 6 is a cross-sectional vieW for explaining a 
speci?c example of the arrangement of the projection optical 
system 50 and so on in the case 10011. In the projection optical 
system 50, the ?rst refracting optical section 20 is mainly 
housed in the projection section 10019 and is disposed under 
the screen 10. In this case, the light path of the ?rst refracting 
optical section 20 is folded by a mirror MR in consideration of 
the housing space. The ?rst refracting optical section 20 has a 
part of the reduction side extending in a vertical direction 
parallel to the screen projection surface 10a of the screen 10 
and a part of the magni?cation side extending in a horiZontal 
direction perpendicular to the screen projection surface 10a. 
The re?ecting optical section 30 is housed in the projection 
section 100b, and is disposed on and ?xed to the leading end 
side (i.e., the magni?cation side) of the ?rst refracting optical 
section 20. The second refracting optical section 40 is ?tted in 
a top panel loot of the projection section 10019 to be ?xed 
thereto, and is disposed on and ?xed to an area above the 
re?ecting optical section 30 (i.e., the magni?cation side of the 
re?ecting optical section 30). It should be noted that the ?rst 
refracting optical section 20 is made of plastic and has not 
only easy to process the domed shape With a constant thick 
ness, but also su?icient strength. 
[0074] As is clear from the explanation described above, 
according to the projection type image display device 100 of 
the present embodiment, since the refracting optical surface 
41b on the magni?cation side of the meniscus lens 41 has the 
shape convex toWards the magni?cation side in the second 
refracting optical section 40, it becomes possible to make the 
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second refracting optical section 40 to function as the protec 
tive cover for the projection optical system 50 even in the case 
in Which the projection is performed With the Wide ?eld angle. 
On this occasion, since the meniscus lens 41 becomes to have 
the shape convex toWards the magni?cation side With roughly 
a constant thickness, it becomes possible to realiZe a small 
siZed protective cover, and to reduce the in?uence to the 
image quality. Further, since the meniscus lens 41 has the 
domed shape With a concentric sphere shape having the center 
of curvature of the lens surface in the vicinity of the exit pupil 
position EP, it becomes possible to reduce the in?uence of the 
meniscus lens 41 to deterioration in image quality in relation 
to the fact that the projection light re?ected by the curved 
mirror 31 of the re?ecting optical section 30 has a high ten 
dency to pass through the exit pupil position EP and the 
vicinity thereof. Further, since the incident angles of the light 
beams entering the meniscus lens 41 become nearly perpen 
dicular to the surface irrespective of the directions of the light 
beams, re?ection in particular in the peripheral area can effec 
tively be suppressed, thus the increase in the light intensity in 
the peripheral area of the projection image can be achieved. 

Second Embodiment 

[0075] FIG. 7 is a side vieW shoWing a substantial part of an 
optical system forming a projection type image display 
device according to a second embodiment, and FIG. 8 is a 
diagram for explaining a con?guration of a projection optical 
system of the projection type image display device. Further, 
FIG. 9 is an enlarged vieW for explaining a substantial part of 
the projection optical system. 
[0076] The projection type image display device 200 
according to the present embodiment is obtained by modify 
ing the projection type image display device 100 of the ?rst 
embodiment shoWn in FIGS. 1 and so on, and the sections not 
particularly explained have the same structure as the proj ec 
tion type image display device 100 of the ?rst embodiment. 
[0077] The projection type image display device 200 
according to the present embodiment comprises the screen 
10, a projection optical system 250, and the image forming 
optical section 60. The projection optical system 250 com 
prises a ?rst refracting optical section 220, a re?ecting optical 
section 230, and a second refracting optical section 240 in 
order from the reduction side. 

[0078] The ?rst refracting optical section 220 comprises 
the ?rst lens L1, the second lens L2, the third lens L3, the 
fourth lens L1, the ?fth lens L5, the sixth lens L6, the seventh 
lens L7, the eighth lens L8, the ninth lens L9, and the aperture 
45. The re?ecting optical section 230 has at least one curved 
mirror 3 1. The second refracting optical section 240 is formed 
ofa meniscus lens 241. The meniscus lens 241 is a slightly 
negative lens having spherical refracting optical surfaces 
241a, 2411) only above the optical axis OA. The optical axis 
0A3 of the meniscus lens 241 is held in a tilted condition in 
Which the optical axis 0A3 is rotated (X0 clockWise around the 
vicinity of the focal position P2 of the curved mirror 31 With 
respect to the optical axis OA of the ?rst refracting optical 
section 220 and the re?ecting optical section 230. Further, the 
optical axis 0A3 is decentered doWnWard from the optical 
axis 0A2 thus tilted to have a distanceY With the optical axis 
0A2. The meniscus lens 241 is disposed so as to be opposed 
to the re?ecting optical surface 31a of the curved mirror 31, 
and has a domed outer shape convex toWards the posterior 










